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TROP, PRUNER & HU, BC In one embodiment, the present 1nvent1on mcludes a pre 
1616 s_ VOSS ROAD, SUITE 750 driver to receive data of a ?rst clock phase and to pre-drive the 
HOUSTON TX 77057_2631 (Us) data, a driver coupled to the pre-driver to drive the data onto 

a a link operable to be coupled to a receiver, and an offset driver 
- to drive an offset value associated With the ?rst clock hase (21) Appl. No.. 11/903,652 P 

onto the link With the data. Other embodiments are described 
(22) Filed: Sep. 24, 2007 and claimed. 

P - - _ _ _ - - _ _ _ _ ~ - _ ~ - — _ _ _ _ - __l I_-—______ 

l 10 | so | 70 : 
| 
l 20 25 \E R1 Riz : R1 R2 1 
: data< 1 : n > + ,+ i - RXn II 

Vdat Vtx | | 
[ datab < 1 : n > - l- l 

—_' ’ 1/ | I RX1 | 

| Pre- Driver Driver 1 I 
I 40 Ck<11n> I I ck<1jn> I 
| 50 55 75 I 
I occ 1 <1 :m> | | | 
I occ 2 < 1 3m; 1 | J 

Offset - — — _ _ _ _ _ _ _ 

| Logic 1 I 
I occn <1 :m> : 

‘ l 



Patent Application Publication Mar. 26, 2009 Sheet 1 0f 4 US 2009/0079484 A1 

$25 625 

X32 

AEH P v 500 

053 HmwtO 
Acévnmumu Acévmumu 

ow 



Mar. 26, 2009 Sheet 2 of4 US 2009/0079484 Al 

N .OE 
502.50 ?mwto A 

AEH P v 58 

x32 N E E 93 . ‘55W " “Mm 

. mm 

EHvVNOOO lAEév r 80 
mw / 

$25 625 - 21 

Patent Application Publication 

Acévwumu 
_ _ _ _ _ _ 

Acurvxo 0v _ 
_ _ _ _ _ _ _ 



Patent Application Publication Mar. 26, 2009 Sheet 3 0f 4 US 2009/0079484 A1 

+ 

wwoxxnxfqxi 

time 

FIG. 3 



Patent Application Publication Mar. 26, 2009 Sheet 4 0f 4 

2O 

US 2009/0079484 A1 

Start 

Short Signal Path 

210 

Generate Next Offset In Offset Driver 

220 

Transmit Offset From Transmitter 
Device To Receiver Device 

230 

Receive Detection ' 

Indication From 
Receiver Device? 

240 

Store Offset Correction Code In 
Storage Associated VWth Offset Logic \ 250 

FIG. 4 



US 2009/0079484 A1 

PRE-DISTORTING A TRANSMITTED SIGNAL 
FOR OFFSET CANCELLATION 

BACKGROUND 

[0001] In computer systems, many different components 
communicate With each other. Typically, various semicon 
ductor devices that may be coupled on a motherboard or other 
circuit board may communicate along traces on the board, 
such as various bus lines. Furthermore, other signaling occurs 
betWeen components in a ?rst system and a second system 
using various input/output (I/O) circuitry. In communicating 
data betWeen different devices, an offset can occur due to 
various conditions. 
[0002] The undesired offset in receivers can be as high as 
:50 millivolts (mV) depending on the transistor siZing, lay 
out, and process mismatch coe?icients. This offset degrades 
the voltage sensitivity of the receivers; therefore, offset can 
cellation techniques are often employed on the receiver cir 
cuits. A conventional approach is to use a voltage offset 
comparator (V OC) as the ?rst stage in receivers and folloWed 
by a sampler. Analog VOC circuits can consume substantial 
current in order to accommodate the bandWidth require 
ments. Moreover, in multi-phase clocking input/outputs 
(I/Os), samplers are interleaved and each of them requires a 
VOC. Consequently, poWer consumption and logic complex 
ity becomes prohibitive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIG. 1 is a block diagram ofa system in accordance 
With one embodiment of the present invention. 
[0004] FIG. 2 is a block diagram of a system in accordance 
With another embodiment of the present invention. 
[0005] FIG. 3 is a timing diagram in accordance With one 
embodiment of the present invention. 
[0006] FIG. 4 is a How diagram of a method in accordance 
With one embodiment of the present invention. 

DETAILED DESCRIPTION 

[0007] In various embodiments, an offset correction circuit 
and technique can be used in data communication circuitry. 
For example, such offset techniques can be applied to multi 
phase clocking I/Os, Where the offsets that relate to receiver 
circuitry are determined during link training and embedded to 
the data signal With an offset driver during normal operation 
on the transmitting side. 
[0008] Embodiments thus achieve offset correction from 
the transmitting chip. One possible implementation is shoWn 
in FIG. 1. Referring noW to FIG. 1, shoWn is a block diagram 
of a system in accordance With one embodiment of the present 
invention. As shoWn in FIG. 1, a system may include multiple 
devices such as multiple semiconductor chips, including, for 
example, a ?rst device 10 Which is referred to herein as a 
transmitter 10. In various embodiments, transmitter 10 may 
correspond to a chipset component, such as a memory con 
troller or other such interface, although the scope of the 
present invention is not limited in this regard. As shoWn in 
FIG. 1, transmitter 10 is coupled through a link 60 to a second 
device 70, Which may be a second semiconductor device, 
referred to herein as a receiver 70. In some embodiments, 
receiver 70 may correspond to a memory such as a dynamic 
random access memory (DRAM) although the scope of the 
present invention is not limited in this regard. Link 60 may 
correspond to a given channel Which may be a point-to-point 
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link, bus or other such interconnect. In some embodiments, 
link 60 may be a differential link. 

[0009] Transmitter 10 may include various circuitry, 
including circuitry to provide an offset to data transmitted 
along link 60. Speci?cally, a data path of transmitter 10 
includes a multiplexer 20 or other selection logic Which is 
coupled to receive data, namely “data[l :n]” and “datab[l :n]”, 
Which may be differential values of the data. Based on a given 
phase of a multi-phase clock “ck[l :n]”, multiplexer 20 selects 
data, Which may be a single data bit, for output. In turn, the 
output of multiplexer 20 is coupled to a pre-driver 25, Which 
pre-drives the data to a voltage level of :Vdat, Which in turn 
is provided to a driver 30, Which in turn drives the data to a 
transmission level of :Vtx. Note that driver 30 and pre-driver 
25 may be voltage drivers to generate a differential voltage. 
Note that also coupled to the outputs of transmitter 10 are a 
pair of on-die terminations, i.e., resistors R1 and R2, Which 
may be 50 ohm resistances, in one embodiment. Also coupled 
to the outputs is an offset value :Voff. 

[0010] The offset value may be generated using offset logic 
40, Which may provide various offset correction codes occl 
[l :m]-occn [l :m] to a multiplexer 45 or other selection logic. 
Multiplexer 45 is similarly controlled by a given phase of the 
clock signal to provide an m-bit output, Which in turn is 
provided to a digital-to-analog converter (DAC) 50 Which 
converts the digital value to an analog voltage, :Voff, Which 
is then driven by an offset driver 55 Which may also be a 
voltage driver, and coupled onto the output of transmitter 10. 
Thus the combined output provided to link 60 includes both 
data for a given clock phase, as Well as a corresponding offset 
value. 
[0011] Thus, transmitter 10 sends data to receiver 70 
through a channel including link 60, employing multi-phase 
clocks (ck<l:n>). Therefore, interleaved receivers 75 are 
present in receiver 70 to capture the data With a corresponding 
clock phase. In each receiver 75 (RXi for iIl . . . 11), there is 
some offset due to the mismatch in the transistors, termina 
tions, and traces in the signal path from the transmitter to the 
receiver output. The amount of each offset is determined in 
the link training, and stored in registers in offset logic 40. 
[0012] In one embodiment during training mode the inputs 
to pre-driver 25 are shorted While an offset correction code 
(OCC) code is gradually increased to detect a predetermined 
density of logical l at the receiver output (50%, for example). 
Once detected, the corresponding code is stored in the OCC 
registers. Details of training are described further beloW. In 
normal operation, the registers drive DAC 50 Which is con 
trolled by clock phase, i.e., if sending phase-i data, the offset 
associated With the path to RXi is sent together With the data 
(iIl . . . n). 

[0013] FIG. 2 shoWs another implementation With a trans 
mitter 10 in Which multiple DAC circuits 50 are employed to 
reduce the speed requirements on the DAC design. Note that 
in various embodiments of DAC resolution, m, is loW, such as 
3-5 bits, although the scope of the present invention is not 
limited in this regard. 
[0014] Signal Waveforms are shoWn in FIG. 3. The Wave 
forms, Which shoW each of multiple clock phases l-n, are 
exaggerated for clarity. Vdat is the differential output signal 
of pre-driver 25. It has a ?xed common mode and signal 
sWing. DAC circuit 50 generates a differential voltage value 
sWing of Voff that is determined by OCC registers in offset 
logic 40. Offset driver 55 drives a different amount of current 
depending on the differential voltage applied to its input 
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(Voff). The overall effect on the signal at the pad (Vtx) (i.e., 
the output of transmitter 10) is shown in FIG. 3. The common 
mode represented by the dashed line in Vtx remains the same 
While the signal sWing varies With the applied differential 
offset. This embedded offset Will cancel out the inherent 
offset in the path and the receiver 70. As shoWn in FIG. 3, note 
that these different offsets may vary per phase in some 
embodiments. As shoWn in FIG. 3 in normal operation, the 
amplitude of the signal transmitted Will change (e.g., per 
phase) and be periodic. Also, during link initialiZation, the 
signal amplitude Will increase/decrease gradually, indicating 
that calibration is occurring. 
[0015] Referring noW to FIG. 4, shoWn is a How diagram of 
a method in accordance With one embodiment of the present 
invention. Method 200 shoWn in FIG. 4 may be used to 
perform a training interval or sequence to generate an offset 
correction code for a given phase of a multi-clock phase. As 
shoWn in FIG. 4, method 200 may begin by shorting a signal 
path in the transmitter (block 210). Thus no data is output 
from a driver of the transmitter during this portion of a train 
ing phase. At the same time, a next offset may be generated in 
an offset driver (block 220). In various embodiments, this 
offset may be generated based on an OCC generated in offset 
logic. During ensuing iterations of block 220, this OCC may 
be gradually increased/decreased, as Will be described beloW. 
As an example, the OCC may begin at logic 0 at a ?rst interval 
for a given phase and increase by a predetermined amount 
(e.g., logic one) for each iteration until a ?nal code is deter 
mined, Which may take approximately 5-15 iterations, in 
some embodiments. Then control passes to block 230, Where 
the offset may be transmitted from the transmitter device to 
the receiver device, e.g., along a given link channel. 
[0016] Referring still to FIG. 4, next it may be determined 
Whether a detection indication has been received from the 
receiver device (diamond 240). For example, the transmitter 
device may receive this detection indication When the 
receiver detects a predetermined density of a given data value 
(e.g., logic 1) at an output of a receiver Within the receiver 
device. While the scope of the present invention is not limited 
in this regard, in some embodiments the predetermined den 
sity may be approximately 50%. If the detection indication is 
not received, control passes back to block 220, Where on a 
next corresponding phase a different offset amount (e.g., 
gradually increasing amount) may be transmitted again. Thus 
blocks 220, 230 and 240 may be iteratively performed until 
the detection indication is received. When this indication is 
received, control passes to block 250 Where the offset correc 
tion code may be stored in a storage associated With offset 
logic. For example, the offset logic may include multiple 
registers, each register associated With a given phase of the 
multi-phase clock. In this Way, the register associated With the 
clock phase (and corresponding receiver) described in FIG. 4 
may be stored. Note that the method of FIG. 4 may be per 
formed for each phase of the multi-phase clock such that each 
register in the offset logic is provided With an OCC for the 
corresponding receiver. 
[0017] Embodiments thus remove the logic burden and 
complexity from the receiving chip, such as a DRAM, as 
instead the transmit signal is predistorted on the transmitting 
chip to cancel out the offset in the link, driver and receiver. 
This stands in contrast to offset cancellation on the receiving 
chip through VOC circuits. As a VOC is a common mode 
logic (CML) circuit Which constantly draWs current from 
supply, and each interleaved receiver requires a VOC as the 
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?rst stage, embodiments can save substantial area and poWer 
consumption on a receiving device. 
[0018] Embodiments may be implemented in code and may 
be stored on a storage medium having stored thereon instruc 
tions Which can be used to program a system to perform the 
instructions. The storage medium may include, but is not 
limited to, any type of disk including ?oppy disks, optical 
disks, compact disk read-only memories (CD-ROMs), com 
pact disk reWritables (CD-RWs), and magneto-optical disks, 
semiconductor devices such as read-only memories (ROMs), 
random access memories (RAMs) such as dynamic random 
access memories (DRAMs), static random access memories 
(SRAMs), erasable programmable read-only memories 
(EPROMs), ?ash memories, electrically erasable program 
mable read-only memories (EEPROMs), magnetic or optical 
cards, or any other type of media suitable for storing elec 
tronic instructions. 
[0019] While the present invention has been described With 
respect to a limited number of embodiments, those skilled in 
the art Will appreciate numerous modi?cations and variations 
therefrom. It is intended that the appended claims cover all 
such modi?cations and variations as fall Within the true spirit 
and scope of this present invention. 

What is claimed is: 
1. A method comprising: 
generating an offset for a ?rst clock phase of a multi-phase 

clock during a training interval in an offset driver, 
Wherein the offset is varied during at least some itera 
tions of the ?rst clock phase; 

transmitting the offset from a ?rst device including the 
offset driver to a second device along a link; 

receiving an indication in the ?rst device that a signal 
corresponding to the offset has been detected in the 
second device With a predetermined density of a ?rst 
logic level; and 

storing an offset code in an offset register of the ?rst device 
corresponding to the offset When the indication is 
received. 

2. The method of claim 1, further comprising shorting a 
pre-driver coupled to a driver of a signal path during the 
training interval. 

3. The method of claim 2, further comprising generating 
and transmitting the offset, receiving the indication and stor 
ing the offset code for each of a plurality of clock phases of the 
multi-phase clock. 

4. The method of claim 2, further comprising generating a 
data value in the signal path, combining the data value With an 
offset value generated by the stored offset code, and provid 
ing the combined data value and offset value from the ?rst 
device to the second device during normal operation. 

5. The method of claim 1, further comprising predistorting 
a data value With the stored offset code to condition the data 
value for distortion in the link. 

6. The method of claim 5, further comprising recovering 
the data value in the second device Without performing offset 
correction in the second device. 

7. The method of claim 6, Wherein the ?rst device includes 
a memory controller, and the second device includes a 
memory coupled to the memory controller. 

8. An apparatus comprising: 
a pre-driver to receive data of a ?rst clock phase and to 

pre-drive the data; 
a driver coupled to the pre-driver to drive the data onto a 

link operable to be coupled to a receiver; and 
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an offset driver to drive an offset value associated With the 
?rst clock phase onto the link With the data. 

9. The apparatus of claim 8, further comprising selection 
logic to receive data of a plurality of clock phases and to 
output the data of the ?rst clock phase to the pre-driver, 
Wherein the selection logic is controlled by the plurality of 
clock phases. 

10. The apparatus of claim 9, further comprising: 
offset logic coupled to the offset driver to provide an offset 

correction code to the offset driver, Wherein the offset 
value is generated in the offset driver based on the offset 
correction code; 

second selection logic coupled to the offset logic to select 
one of a plurality of offset correction codes to output to 
the offset driver based on the ?rst clock phase; and 

a digital-to-analog converter to receive the offset correc 
tion code from the second selection logic and to output 
the offset value to the offset driver. 

11. The apparatus of claim 10, Wherein the offset logic is 
operable to provide a plurality of varying values for the ?rst 
clock phase during a training interval to generate the offset 
correction code. 

12. The apparatus of claim 11, Wherein the offset logic is 
operable to select one of the plurality of varying values to be 
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the offset correction code When the receiver has detected the 
offset value With a predetermined density of a ?rst logic level 
and to store the offset correction code in a storage. 

13. The apparatus of claim 9, further comprising: 
offset logic coupled to the offset driver to provide a plural 

ity of offset correction codes, Wherein the offset value is 
generated in the offset driver based on one of the offset 
correction codes; 

a plurality of digital-to-analog converters to each receive 
one of the offset correction codes and to output an analog 
correction code; and 

second selection logic coupled to the digital-to-analog con 
verters to select one of the analog correction codes to 
output to the offset driver based on a given one of the 
plurality of clock phases. 

14. The apparatus of claim 13, Wherein the offset logic is 
operable to provide a plurality of varying values during a 
training interval to generate each of the plurality of offset 
correction codes and to select one of the plurality of varying 
values to be the offset correction code When the receiver has 
detected the offset value With a predetermined density of a 
?rst logic level and to store the offset correction code in a 
storage. 


